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Abstract 
Precision agriculture was applied in handpicked fruit orchards in Greece in the last few years.  The results of applications in 
apples and vines are presented in this paper. Yield, quality and NDVI maps were created for three years. The results for both 
crops showed that there was high variability in the measured parameters. Comparison of the maps indicated that fruit quality was 
inferior in areas where yield was high. NDVI maps in apples at the beginning of June were correlated to the final yield 
variability. This result can be used as an early warning of yield variability and could be used to manage the predicted variability. 
Similar results were indicated for vines. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of HAICTA. 
Keywords: apples; vines; yield maps; quality maps; NDVI 
1 Introduction 
Precision agriculture is the management of spatial and temporal variability of the fields using ICT (Information, 
Computers and Technology). Spatial and temporal variability of the field and crop properties are analysed, leading 
to areas of the field with common characteristics called management zones. Management zones can be used to apply 
the appropriate inputs to achieve the best management to increase profitability and reduce environmental impact. 
Precision agriculture was developed in the 1990s for arable crops and in mechanized fruit crops like grapes for wine 
making but only in the last decade in handpicked fruits. Most fruits for table consumption are handpicked. Early 
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applications in oranges were developed in Florida orange orchards. Miller and Whitney [1] and Whitney et al. [2] 
presented an automated yield mapping system in orange orchards. The fruits were gathered in big bins. When the 
bins were loaded onto the trucks, they were weighed with a system of load cells which was installed on the truck. 
The position of the truck was identified with a DGPS system. The data were used to create yield maps. Molin et al. 
[3] used a simpler method to estimate the height of the bags where the fruits were placed. Aggelopoulou et al. [4] 
and Tagarakis et al. [5] weighed the small plastic bins of about 20 kg as they were filled by the workers and 
recorded their position by a DGPS system to create yield maps in apples and vines. Soil properties data are collected 
referring to chemical, physical and topographic properties. Yield maps combined with soil data can form databases 
of historical data that can be the basis for creating management zones. However, temporal variability of the 
properties does not permit the formation of stable over time management zones. Although it is believed that tree 
orchards have more stable zones due to the lower genetic variability of the plants this is not always valid. Therefore 
during the season data are used to predict yield variability. Many researchers tried to predict yield variation during 
the growing period in orchards using image analysis. Stajnko and Cmelik [6] tried to model the growing stages of 
the fruits in a 4-year old apple orchard. They used RGB images of the fruits and concluded that the number of the 
fruits identified in the images correlated with the final yield. Similar studies were done by Safren [7] and Alchanatis 
et al. [8] who used multi-spectral images of the fruits. Prediction of apple yield by using flower maps was carried 
out with good results by Aggelopoulou et al.[9; 10] They used initially stereology to measure manually flowers of 
apple trees and RGB pictures to automate measurements in an apple orchard. They compared the flower spatial 
distribution to the final yield and found a high correlation (r = 0.82). Other researchers have used vegetation indices 
to predict yield variability or assess the crop requirements. NDVI was used in many cases to assess the vigour of the 
plants and the required inputs. The most used of them is the Normalised Vegetation Index (NDVI). Several other 
indices can be calculated and used offering good agreement with certain characteristics of the crop. The 
measurements of plant reflectance can be carried out by satellites, airplanes or ground instruments. Thermal cameras 
were used to detect differences in temperature in plants which was correlated to water status of crops and can 
regulate irrigation [11]. In Greece, precision agriculture applications were carried out in hand pick orchards (apples, 
vines and pears) in the last few years. Data were collected (yield and quality, soil properties, remote sensing), stored 
to GIS databases, analysed using geostatistical methods to develop management zones and decision support systems 
were used to assist farmers to the crop management. Variable rate application systems were developed to apply 
inputs according to the real requirements of the management zones. The aim of the present paper is to give an 
account of this work. In all applications field spatial variability was established even in small size fields of 1 ha. 
However, temporal variability was not always stable making difficult to define management zones based on 
historical data. In season, tree characteristics could help in defining management strategies. Remote sensing data 
like NDVI at the beginning of the season can offer a prediction of yield variability. Counting the tree flowers can 
also give good correlation to yield variability. Based on nutrients removal by the crop and the pruning and the soil 
nutrient content, variable rate application of fertilisers can be carried out. VR Application in an apple orchard 
offered cost reduction and increased profitability to the farmer, but at the same time improved fruit quality. 
2. Material and Methods 
The experiments were carried out in the last three years in Thessaly Greece. An apple orchard in the area of Agia 
(22o 35ǯ 33ǯǯE, 39o 40ǯ 28ǯǯ N) and a vineyard in Microthives Greece (22o 73ǯ E, 39o 26ǯ) were selected. In both 
crops yield mapping was carried out. In apples, the fruits were picked by hand and placed in small plastic bins 
containing about 20 kg of fruits. The bins were weighed by a balance and geo-referenced by a hand held DGPS. The 
yield was estimated for a distance of the row as due to the palmette formation the yield of each tree was not possible 
to be isolated. In vineyards, the grapes were put into plastic bins, which were weighed using a digital balance and 
the GPS coordinates were recorded. Yield was estimated on a per surface area basis by calculating the mean 
distance from two consecutive bins and multiplying it by the row width. 
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For the apples, samples of fruits were collected from each row distance and analysed for their quality. The 
apple samples were analysed for the following quality parameters: 
1. Fruit mass by weighing all fruit together and calculating mean value per fruit. 
2. Flesh firmness (FF) after removal of skin with a penetrometer and 11mm diameter plunger (Turoni, 
53205 Digital Fruit Pressure Tester, Forli, Italy). 
3. Soluble solids content (SSC), in the juice squeezed from each fruit, with a refractometer (ǹȉǹGO, 
Pocket Refractometer Pal-1, Tokyo, Japan). 
4. Juice acidity, by titration with 0.1 N NaOH to an endpoint of pH=8.2 and calculations to express 
acidity as g malic acid per 100 g of juice. 
To estimate the grapes quality in vines, grapes were collected and squeezed to produce juice. Then, the 
parameters measured were the sugar content (Brix) using an electronic refractometer,  total acid content by 
titrating with NaOH, pH after diluting to distilled water using an electronic pH metter and in the third year 
anthocyanes, the colour of the grapes and tanines were measured. 
Canopy properties were measured for both crops at different stages of the growing season, using a 
CropCircle sensor (ACS-210, Holland Scientific Inc., Lincoln, NE). CropCircle is an active sensor emitting a 
beam and measuring the reflectance of the canopy. Red and near infrared wavelengths are used. Using the 
reflectance data from these wavelengths, several indices can be developed (He et al, 2006). A D-GPS 
(Differential-GPS 106, Trimble Ltd., USA) was used to record the position of each measurement. The data 
logger (GeoSCOUT GLS-400 Holland Scientific Inc., Lincoln, NE), was set to record a value every half a 
second. The equipment was attached on a stand mounted on a tractor that held the sensor steady at the 
appropriate height and distance from the plants. 
3. Results and Discussion 
 
 Table 1. Descriptive statistics of yield 
Year Max - min Mean CV% Skewness Kurtosis 
      
2010 3.2-17.5 10.4 33.6 -0.22 -0.6 
2011 0.7 - 9.6 3.1 61.2 1.2 2 
2012 0 - 9.4 2.5 88 1.5 2.1 
Mean, 
three years - 5.3 60.9 
- - 
 
Table 1 shows the descriptive statistics of the apples yield. High temporal and spatial variation is clear. 
Figures 1 to 3 show the yield maps of the apple orchard for the three years. In 2010 high yield was in the 
Central and Southern parts of the orchard, in 2011 the South-Eastern part gave the higher yield and in 2012 
the South and South-Eastern parts gave the higher yield. It is clear that in every year a different part of the 
orchard is giving the higher yield indicating high spatial and temporal variability. Figure 4 to 7 show the 
apples quality for 2010. It is clear that fruit quality is lower where yield is higher.  In 2010 fruit firmness was 
higher in the area of lower yield. The same is observed for fruit acidity and soluble solids. For pH the picture 
is not clear but the trend is similar. 
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Fig. 1. Yield map of apples 2010 Fig. 2. Yield map of apples 2011 
 
  




Fig.5. Fruit acidity map Figs. 6 and 7. Fruit juice pH and soluble solids, apples 2010 
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In Figures 8 and 13 the NDVI variability measurements are shown in maps. Two measurements were taken 
one from the top of the crop and one from the side. Comparing yield and NDVI maps from measurements 
taken from the top a similarity of the variability is apparent. High values of NDVI correspond to high yield 
areas. Other authors have also indicated similar correlations. This is an interesting finding as we could have an 
early warning of the yield variability and this could help the farmer to manage his/her field. Increased 
fertilisation or water application could be applied in areas with expected high yield and could help to improve 















Figs. 10 and 11. NDVI measurements of 2011 
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Fig. 12. NDVI  map 2012 Fig. 13. NDVI map 2012 
 
Figures 14, 16 and 18 show the yield variability of vines for the years 2009, 2010 and 2011 in the 1 ha 
vineyard. It should be noted that the vine was in a sloppy field with the Northern part being the higher and the 
Southern the lower. So, the soil was eroded from the North to the South part. A zone of low yield is observed 
in the middle and the West of the orchard while Southern part and the extreme North presents a high yielding 
area. Figures 15, 17 and 19 show the sugar content of the grapes. The middle zone is producing the lower 
quality while the North part of the vine produced the higher quality. The trend that higher yields are connected 
to lower quality is not apparent in the vine, which indicates that the vineyard management needs 
reconsidering. There is scope to increase quality and profitability by improving the management tactics and 
applications. 
Figures 20, 21 and 22 are showing the early season NDVI measurements for the three years. Similar trend 
to the yield maps is evident indicating the possibility to predict high or low productivity zones by early season 
canopy measurements. 
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Fig. 14. Yield map 2009 Fig. 15. Quality map- Total Soluble 
Solids (brix) 2009 
 
 
Fig. 16. Yield map 2010 Fig. 17. Quality map- Total Soluble 
Solids (brix) 2010 
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Fig. 20. NDVI map 2009 Fig. 21. NDVI map 2010 Fig. 22. NDVI map 2011 
Conclusions 
From the presented results we can conclude that: 
1. There is clear spatial variability even in small orchards. This is an indication that site specific management 
is expected to be beneficial to the farmers. 
2. In apples temporal variability is distinctive while in vines more stable zones are formed. This indicated that 
historical data can be used for management decisions without stable results. Other indicators during the 
growing season have to be used. 
3. Quality variability was also observed in the orchards. In general higher yield is connected to lower quality. 
4. Crop vigour estimation at the beginning of the season (early June) can offer a tool to predict yield 
variability and assist in orchard management. 
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